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ABSTRACT 


The  tensile  properties  of  fabric  woven  from  nylon,  Dacron,  Nomex, 
polybenzimidazole,  graphite,  Fiberglas  and  Chromel  Rwere  determined 
in  vacuum  at  70  °F  after  vacuum  exposures  of  1  to  64  hours.  The  tensile 
properties  of  the  fabrics  were  also  determined  at  elevated  temperatures 
in  vacuum  and  the  data  compared  to  the  fabric  properties  in  air. 

Vacuum  exposures  (to  1x10^  torr)  of  1  to  64  hours  appear  to  have 
only  a  small  effect  on  the  tensile  properties  of  polymeric  fabrics.  Over 
a  broad  temperature  range  polymeric  and  metal  fabrics  also  exhibit 
roughly  the  same  tensile  properties  in  vacuum  as  in  air.  Fiberglas  fab¬ 
ric  exhibits  up  to  45%  greater  tensile  strength  in  vacuum  than  in  air. 


Each  transmittal  of  this  abstract  outside  the  Department  of 
Defense  must  have  prior  approval  of  the  Fibrous  Materials  Branch, 
MANF,  Nonmetallic  Materials  Division,  Air  Force  Materials  Laboratory, 
W-PAFB,  Ohio  45433. 
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SECTION  I 
SUMMARY 


A.  INTRODUCTION 

Fabrics  have  played  an  important  vole  in  every  aerospace  vehicle  flown 
to  date  and  it  is  anticipated  that  they  will  continue  to  be  an  essential  material 
in  future  space  exploration  and  sophisticated  new  military  systems.  The 
successful  utilization  of  fabrics  in  these  applications  depends  on  the  ability 
of  the  materials  to  retain  their  standard  performance  characteristics  under 
extreme  environments.  However,  insufficient  information  on  the  properties 
of  fabrics  woven  from  the  candidate  high-performance  fibers  is  available  at 
the  present  time  to  accurately  estimate  their  full  potential  for  these  new 
systems. 

B.  PROGRAM  OBJECTIVE  AND  SCOPE 

The  objective  of  this  program  was  the  determination  of  the  tensile  prop¬ 
erties  of  fabrics  woven  from  the  various  available  high-performance  ribers 
at  ambient  and  elevated  temperatures  in  vacuum.  Fabrics  woven  from 
nylon,  Dac  ronf'  Nomexj1  polybenzimidazole,  graphite,  Fibe  rgla  sj”''  and 
Chromel  R*were  included  in  the  investigations.  The  tensile  properties  of 
the  fabrics  were  determined  in  vacuum  after  vacuum  exposures  of  1  to  64 
hours.  The  tensile  properties  of  the  fabrics  were  also  determined  at  elevated 
temperatures  in  vacuum  and  the  data  compared  to  the  fabric  properties  in  air. 


Manufactured  by  E.  I.  du  Pont  de  Nemours  &.■  Co.  ,  Wilmington,  Delaware. 
Manufactured  by  Owens  Corning  Fiberglas  Co.,  Toledo,  Ohio. 

+ 

Manufactured  by  Hoskins  Manufacturing  Co.  ,  Detroit,  Michigan. 
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C.  CONCLUSIONS 


Vacuum  appears  to  have  only  a  small  effect  on  the  breaking  strength  of 
polymeric  fabrics.  The  nylon,  Dacron,  Nomex  and  polybenzimidazole  fabrics 
evaluated  exhibit  tensile  strengths  in  vacuum  within  approximately  4^5%  of 
their  strength  at  standard  conditions  -  14.7  psi,  70°F,  65%  RH  air.  However 
vacuum  has  a  more  significant  effect  on  the  rupture  elongation  and  tensile 
modulus  of  the  fabrics;  in  general,  the  rupture  elongation  decreases  and  the 
modulus  increases.  Dacron  fabric  exhibits  only  a  small  change  in  rupture 
elongation  —  from  -1.  3%  to  4-2.  7%;  the  other  fabrics  exhibit  as  much  as  a  20% 
decrease  in  elongation. 

Increasing  the  length  of  exposure  to  vacuum  from  1  to  64  hours  has  little 
effect  on  fabric  tensile  properties  with  the  exception  of  the  modulus  of  the 
nylon  fabric  which  increases  with  increasing  time  in  vacuum. 

Both  heat-cleaned  and  greige  Fiberglas  fabric  exhibit  up  to  45%  greater 
tensile  strengths  in  vacuum.  The  rupture  elongation  and  tensile  modulus  of 
glass  fabric  are  also  larger  in  vacuum. 

The  tensile  strength  of  nylon  fabric  is  approximately  the  same  in  air 
and  vacuum  at  temperatures  to  300“F.  However,  the  fabric  strength  is 
much  larger  in  vacuum  than  in  air  at  400  and  450  °F.  ~he  fabric  strength 
in  vacuum  at  450  ”F  is  about  40%  and  at  475  °F,  5%  of  the  strength  at  standard 
conditions.  The  fabric  rupture  elongation  is  approximately  the  same  in 
vacuum  and  air  to  200°F  and  much  higher  in  vacuum  at  higher  temperatures. 

At  400*F  the  fabric  rupture  elongation  is  17%  in  air  and  52%  in  vacuum,  and 
at  450 *F,  approximately  5%  in  air  and  39%  in  vacuum.  The  modulus  of  the 
fabric  is  approximately  the  same  in  air  and  vacuum  throughout  the  temper¬ 
ature  range.  The  fabric  modulus  at  450  °F  in  vacuum  is  about  17%  of  the 
value  exhibited  at  standard  conditions. 

Dacron  fabric  exhibits  approximately  the  same  tensile  strength  in  air 
and  vacuum  to  about  400°F  and  approximately  50%  greater  strength  in  air 
at  475*F.  The  fabric  strength  at  475  'F  in  vacuum  is  about  25%  of  its  strength 
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at  standard  conditions.  The  rupture  elongation  of  the  fabric  is  moderately 
greater  in  vacuum  at  the  elevated  temperatures  and  the  fabric  modulus  is 
approximately  the  same  in  both  environments  throughout  the  temperature 
range.  The  rupture  elongation  at  475  'F  in  vacuum  is  about  131%  and  the 
modulus  64%  of  their  respective  values  measured  at  standard  conditions. 

The  tensile  properties  of  Nomex  fabric  are  approximately  the  same  in 
vacuum  as  in  air  at  ambient  and  elevated  temperatures.  The  strength 
exhibited  by  the  fabric  at  750°F  in  vacuum  is  approximately  13%  of  its 
strength  at  ambient  conditions;  the  rupture  elongation  at  750°F  is  61% 
and  the  modulus,  9%  of  the  ambient  values. 

The  tensile  strength  of  the  PBI  fabric  is  the  same  in  vacuum  and  air  at 
ambient  and  elevated  temperatures.  The  fabric  strength  at  700“F  in  vacuum 
is  approximately  50%  and  at  800°F,  14%  of  the  values  exhibited  at  standard 
conditions.  The  rupture  elongation  of  the  PBI  fabric  is  also  the  same  in 
both  environments  to  about  700“F.  However,  at  800°F  the  elongation  is  3.  8% 
in  air  and  78%  in  vacuum.  The  fabric  modulus  is  approximately  the  same  in 
air  and  vacuum  to  700°F;  the  modulus  in  air  is  about  seven  times  the  value 
in  vacuum  at  800°F. 

Although  only  a  limited  amount  of  data  was  obtained,  it  appears  that  the 
tensile  strength,  rupture  elongation  and  modulus  of  heat-cleaned  Fiberglas 
fabric  are  considerablv  larger  in  vacuum  than  in  air  at  ambient  and  elevated 
temperatures.  The  fabric  strength  at  1200°F  in  vacuum  is  approximately  15% 
of  its  tensile  strength  at  standard  conditions  and  10%  of  its  70°F  strength  in 
vacuum. 

It  appears  that  the  tensile  properties  of  multifilament  yarn,  fine-wire 
fabric  are  approximately  the  same  in  vacuum  as  in  air  to  about  1250°F.  At 
1500°F  the  fabric  exhibits  approximately  the  same  percent  strength  retention 
in  both  environments  but  considerably  more  elongation  in  vacuum  —  24.  5-29.8% 
in  vacuum  compared  to  10.  9%  in  air.  However,  at  1750  to  2000"F  the  tensile 
strength  and  modulus  of  the  fabric  are  smaller  and  the  rupture  elongation 
many  times  larger  in  vacuum.  At  1750°F  in  vacuum  the  fabric  exhibits 
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approximately  13%  of  its  strength  at  standard  conditions  and  at  2000°F,  7%; 
at  1750“F  in  air  the  fabric  exhibits  18-1/2%  strength  retention  and  at  2000°F, 
15%.  The  fabric  rupture  elongation  at  1750°F  is  20.  0%  in  vacuum  and  5.  8% 
in  air  and  at  2000oF,  16.  8%  in  vacuum  and  1.  3%  in  air. 

D.  RECOMMENDATIONS  FOR  FUTURE  RESEARCH 

Since  low  temperatures  are  encountered  in  outer  space  and  on  the  moon's 
surface,  the  tensile  properties  of  the  various  types  of  fabrics  being  used  in 
aerospace  systems  should  also  be  determined  at  subambient  temperatures  in 
vacuum. 

The  properties  of  textile  structures  after  long-term  vacuum  exposures 
are  also  of  interest,  particularly  the  tensile  properties  of  critically  loaded 
aerodynamic  decelerator  components  which  are  deployed  after  atmospheric 
re-entry.  Long-term  vacuum  exposures  of  these  items  will  purge  them  of 
water  vapor  and  other  volatile  materials  which  are  stable  in  a  standard  atmo¬ 
sphere;  return  to  a  terrestial  environment  will  result  in  moisture  regain  and 
temperature  and  pressure  equilibration.  Therefore,  there  is  a  need  to  measure 
the  tensile  properties  of  fibrous  structures  after  a  long  time  in  vacuum  (at 
cryogenic,  ambient  and  elevated  temperatures)  followed  by  air  pressurization 
as  a  function  of  time  in  vacuum,  vacuum  temperature,  time  from  initiation  of 
the  repressurization  cycle,  and  the  repressurization  atmosphere  (temperature, 
relative  humidity). 

The  only  means  by  which  a  body  can  exchange  heat  with  its  surroundings  in 
the  vacuum  of  outer  space  is  by  radiation.  Therefore,  the  emissivity  of  the  va  ri- 
ous  candidate  fabrics  should  be  determined  over  a  broad  temperature  range  in 
vacuum.  The  transmission  and  reflectivity  of  the  fab  r  ic  s  s  hould  also  be  measured. 

An  improved  method  should  be  developed  for  clamping  glass  and  carbon/ 
graphite  fabric  test  specimens  for  tensile  testing  at  elevated  temperatures  in 
air  and  vacuum.  Subsequently,  glass  fabric  and  fabric  woven  from  carbon  yarn 
and  from  high-modulus  graphite  yarn  should  be  evaluated  at  ambient  and  elevated 
temperatures  in  air  and  in  vacuum  using  the  improved  clamping  technique. 
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SECTION  II 


HIGH-TEMPERATURE,  HIGH-VACUUM 
TENSILE  TESTING  FACILITY 

To  determine  the  tensile  properties  of  a  series  of  fabrics  of  current 

>fs 

interest,  a  high-temperature,  high-vacuum  tensile  testing  furnace  was 

(4) 

installed  in  a  floor-model  Instron  tensile  test  machine  (see  Figure  1). 

** 

The  unit  used  is  equipped  with  a  15  CFM  mechanical  roughing  pump,  a 
4- inch  oil  diffusion  pump  with  cold  cap  and  a  right-angle,  cold-finger  type 
LN^^  trap.  There  is  a  combination  hot-filament  ionization  gauge  and  a  two- 
station  thermocouple  gauge  for  determining  the  vacuum.  Pressures  on  the 
10  1  scale  have  been  achieved  with  no  sample  in  the  chamber. 

In  order  to  achieve  pressures  on  the  low  side  of  the  10  ^  torr  range  the 
cold  trap  must  be  filled  with  liquid  nitrogen.  One  filling  lasts  about  7  hours. 

In  order  to  be  able  to  keep  the  chamber  at  low  pressures  throughout  over¬ 
night  exposures,  an  LN^  liquid  level  controller  was  installed. 

The  furnace  is  equipped  with  tantalum  heating  elements  and  shields. 

The  test  chamber  is  2-1/2  inches  in  diameter  and  8  inches  long;  the  region 
of  uniform  temperature  is  approximately  6  inches  long.  Temperatures  in 
the  chamber  are  measured  with  thermocouples.  A  potentiometer-type 
temperature  controller  and  silicon-controlled  rectifier  allow  setting  and 
automatic  maintenance  of  the  desired  temperature.  Temperatures  to 
3000°F  have  been  achieved. 

The  oven  temperature  does  not  control  well  automatically  at  temperatures 
below  about  500°F  when  a  thermocouple  protruding  into  the  center  of  the 
chamber  is  used  as  the  sensor.  However  using  a  thermocouple  bonded  to  the 
heating  element  as  the  sensor  for  the  temperature  controller  overcomes  this 
problem. 


Manufactured  by  Centorr  Associates,  Inc.  ,  Suncook,  New  Hampshire. 
Cubic  feet/minute. 

Liquid  nitrogen. 
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FIGURE  1.  HIGH- TEMPERATURE,  HIGH-VACUUM  TENSILE  TESTING  FURNACE 


The  temperature  readings  are  checked  by  monitoring  the  output  of  the 
thermocouples  with  a  precision  potentiometer. 

Provision  has  been  made  in  the  vacuum  furnace  for  inert  gas  operation. 
Pump  and  heat  zone  controls  are  electrically  cascaded  and  interlocked  to 
insure  proper  operating  sequence.  Flow  switches  are  provided  in  cooling 
water  lines  to  protect  furnace  and  user  against  improper  use  or  sudden  loss 
of  water.  A  separate  over-tempe  rature  limit  instrument  has  been  incorpo¬ 
rated  to  protect  against  exceeding  a  specific  set-point.  A  vacuum  interlock 
is  also  provided;  when  the  pressure  rises  above  full  scale  on  any  scale  of 
the  hot-filament  ionization  gauge,  power  to  the  heaters  is  shut  off. 

The  jaws  in  which  the  fabric  test  specimens  are  clamped  connect  to  the 
Instron  through  the  furnace  wall  by  means  of  a  rod-and-bellows  seal.  How¬ 
ever,  the  effect  of  the  bellows  on  measured  loads  is  negligible.  The  spring 
constant  of  the  top  bellows  is  less  than  1  lb/inch  and  the  deflection  of  an 
Instron  load  cell,  less  than  0.  010  inch  per  1,  000  lbs  of  applied  load.  There¬ 
fore,  all  loads  measured  in  the  vacuum  furnace  are  only  in  error  by  roughly 
0.  01  lbs  per  1000  lbs  of  measured  load,  an  insignificant  amount. 

As  shown  in  Figure  1,  the  vacuum  furnace  is  mounted  on  a  dolly.  This 
allows  the  unit  to  be  rolled  into  and  out  of  the  Instron  with  a  minimum  of 
effort.  When  in  place,  the  chamber  is  rigidly  connected  to  the  Instron  frame 
with  eight  bolts,  thus  insuring  that  accurate  alignment  of  the  chamber  in  the 
Instron  is  achieved  every  time.  The  alignment  is  occasionally  checked  by 
rigidly  connecting  the  two  bellows  assemblies  together  with  a  bar;  replacing 
the  Instron  load  cell  with  a  disk,  through  the  center  of  which  a  hole  has  been 
drilled  and  a  plumb  bob  suspended;  lowering  the  plumb  bob  to  the  top  bellows; 
and  raising  the  Instron  crosshead  to  the  lower  bellows. 

To  prevent  the  Instron  pen  recorder  from  picking  up  vibrations 
from  the  roughing  pump,  the  pump  does  not  rest  on  the  dolly  when  the  unit  is 
in  the  Instron.  It  normally  sits  on  a  plate,  with  four  adjustable  legs,  which 
rests  on  two  pads  on  top  of  the  dolly  base.  When  the  chamber  is  in  the  Instron, 
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the  four  legs  are  lowered,  raising  the  pump  a  fraction  of  an  inch,  and  the 
pads  slid  out  from  between  the  plate  and  the  dolly  base. 

In  order  to  be  able  to  disconnect  and  reconnect  the  upper  jaw  and  bellows 
assembly  from  the  load  cell  to  calibrate  the  load  cell,  and  to  move  the  whole 
unit  into  and  out  of  the  Instron  with  the  chamber  under  vacuum,  the  upper 
bellows  assembly  has  been  modified  to  take  three  bolts  which  allow  the 
upper  jaw  to  be  easily  raised  and  lowered.  Further,  in  order  to  calibrate 
the  Instron  load  cell  with  the  furnace  in  the  Instron,  a  special  pan  for 
holding  the  calibration  weights  that  engages  the  load  cell  directly  has  been 
fabricated . 

During  the  first  few  months  of  operation  of  the  facility  several  electrical 
power  failures  occurred  after  working  hours  and  while  the  mechanical  pump 
and  diffusion  pump  were  running.  Although  FRL®  has  an  emergency  gener¬ 
ating  system,  it  takes  several  seconds  to  come  on  the  line.  During  this 
delay  the  pump  shut  off  and  had  to  be  started  manually.  The  mechanical 
pump  switch  has,  therefore,  been  changed  so  that  when  a  power  failure  occurs 
the  diffusion  pump  shuts  off  and  stays  off.  However,  the  mechanical  pump 
starts  again  when  the  emergency  power  comes  on,  and  again  when  the  emer¬ 
gency  power  goes  off  and  the  outside  power  comes  back  on.  This  prevents 
back- streaming  of  both  the  diffusion  pump  oil  and  mechanical  pump  oil.  Oil 
back-streaming  raises  the  minimum  pressure  than  can  be  achieved,  and 
usually  necessitates  disassembling  the  piping  system  and  washing  it  out  with 
solvent. 

Preliminary  tensile  tests  were  made  on  nylon  fabric  - 1  slightly  elevated 
temperatures.  It  was  noted  in  these  tests  that  the  fabric  melted  at  temper¬ 
atures  indicated  by  the  thermocouples  protruding  into  the  center  of  the 
chamber  considerably  below  the  melting  temperature  of  nylon.  This  raised 
the  question  of  whether  the  thermocouples  in  the  chamber  were  indicating  the 
true  temperature  of  the  test  specimen. 
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Initially,  four  thermocouples  were  mounted  in  the  vacuum  chamber: 
two  located  at  the  geometric  center  of  the  hot  zone  and  two  bonded  to  the 
back  heater.  The  heater  is  cylindrical  in  shape  and  forms  the  wall  of  the 
test  chamber  hot  zone.  One  of  the  thermocouples  is  bonded  to  the  heater 
one  inch  above  the  chamber  center  and  the  other  one  inch  below.  To  mount 
these  thermocouples  two  small  holes  were  drilled  in  the  back  heater,  a  pair 
of  thermocouple  leads  pulled  through  each  hole  until  the  bead  fitted  tightly 
against  the  edge  of  the  hole,  and  the  lead  wires  insulated  and  bonded  to  the 
back  of  the  heater  so  as  to  hold  the  thermocouple  tightly  in  place.  The 
adhesive  used  is  good  only  to  1000“F.  When  testing  at  higher  temperatures 
these  heating  elements  are  replaced  by  another  set  of  elements  without 
the  rmocouples . 

A  series  of  tests  were  made  with  no  specimen  in  the  chamber.  The 
temperatures  indicated  by  all  four  thermocouples  were  determined  with  a 
precision  potentiometer.  Tests  were  made  both  with  and  without  the  jaws 
in  place.  When  the  jaws  were  not  in  place,  the  holes  in  the  heat  shields  for 
the  jaw  extension  rods  were  covered  with  pieces  of  sheet  stainless  steel. 
Temperature  measurements  were  made  both  in  vacuum  and  in  nitrogen.  As 
the  results  given  in  Table  1  show,  the  wall  temperature  is  considerably 
higher  than  the  temperature  indicated  by  the  thermocouples  at  the  center  of 
the  chamber.  The  differences  occur  both  in  vacuum  and  in  nitrogen, 
regardless  of  whether  or  not  the  jaws  are  in  place  or  removed.  However, 
the  magnitude  of  the  differences  decreases  when  the  jaws  are  removed  and 
when  nitrogen  is  introduced.  The  differences  remain  about  the  same  when 
the  time  given  the  chamber  to  come  to  equilibrium  is  increased  from  15  to 
30  minutes. 

The  thermocouples  were  checked  to  see  that  they  were  accurate  and 
connected  properly  by  placing  them  all  in  a  hot-air  oven.  All  four  thermo¬ 
couples  showed  excellent  agreement  over  a  several  hundred  degree  temper¬ 
ature  range. 
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VACUUM  CHAMBER  TEMPERATURES 
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;  Chamber  at  room  temperature,  cooling  water  off. 


It  was  initially  believed  that  because  of  the  geometric  configuration  of 
the  vacuum  chamber  hot  zone,  it  would  behave  like  a  black  body.  If  the 
chamber  did  so  behave,  the  temperature  would  be  everywhere  the  same  and 
the  test  specimen  would  be  at  the  same  temperature  as  the  wall.  However,  it 
quickly  became  evident  that  this  is  not  the  case. 

Since  the  vacuum  chamber  is  equipped  with  a  sighting  port,  the  feasibility 
of  determining  the  temperature  of  test  specimens  with  an  infrared  pyrometer 
was  investigated  with  the  assistance  of  Barnes  Engineering  Company.  These 
instruments  do  not  indicate  the  target  temperature  directly;  they  measure  the 
total  radiation  received.  Therefore,  when  sighting  into  the  vacuum  furnace 
the  instrument  reads  both  the  radiation  emitted  by  the  fabric  target  and  the 
radiation  emitted  by  the  oven  heaters  and  reflected  from  the  fabric  into  the 
instrument.  Thus,  determination  of  the  temperature  of  a  fabric  test  specimen 
in  a  vacuum  furnace  with  an  infrared  pyrometer  requires  solving  the  following 
expression. 

W  =  K«,TJ.  Wp()£hT< 


W  =  pyrometer  reading 
K  =  the  Boltzmann  constant 
Cj  =  fabric  emissivity 

T  =  fabric  test  specimen  temperature 

p  —  ( 1  —  e{)  ~  fabric  reflectivity.  This  assumes  that  no  thermal  radiation 
is  transmitted  through  the  test  specimen. 

C,  -  heater  emissivity 
h 

T^  =  heater  temperature. 

The  emissivity  of  the  heater  can  be  determined  by  making  measurements 
with  no  sample  in  place. 


W, 

€h  "  KT‘ 
h 

where  is  the  instrument  reading  with  no  test  specimen. 
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As  the  above  expressions  show,  the  determination  of  the  fabric  test  speci¬ 
men  temperature  also  requires  knowing  the  fabric  emissivity.  The  emissivi- 
ties  of  metal  and  glass  fabrics  are  probably  approximately  constant  with 
increasing  temperature  in  a  vacuum.  A  suitable  value  could  probably  be 
determined  in  air  at  a  temperature  of  about  150°F  using  the  following  proce¬ 
dure.  Spray  half  of  a  piece  of  the  fabric  about  1  inch  by  6  inches  in  size 

s;< 

with  3M  velvet  black  enamel  and  allow  it  to  dry.  This  paint  has  an  emis¬ 
sivity  very  close  to  one.  Place  the  fabric  on  a  hot  plate  heated  to  about  150°F. 
Measure  the  radiation  from  both  the  painted  and  unpainted  portion  of  fabric. 

Also  measure  the  radiation  from  a  piece  of  the  unpainted  fabric  at  ambient 
temperature  and  from  a  piece  of  black  cardboard  at  ambient  temperature. 

The  fabric  emissivity  would  then  be  given  by  the  following  expression: 

e  s  Ob--.  ,W£. 
f  w.  •  w4 

where  W;  -  radiation  from  heated,  unpainted  fabric 

Wg  =  radiation  from  unpainted  fabric  at  ambient  temperature 
W3  -  radiation  from  heated,  painted  fabric 

W4  =  radiation  from  black  cardboard  at  ambient  temperature. 

Altnough  this  method  may  be  suitable  for  determining  the  temperature  of 
metal  and  glass  fabric  test  specimens  in  a  vacuum,  it  would  not  be  suitable 
for  use  with  polymeric  fabrics  because  of  the  probable  variation  of  their 
emissivity  with  increasing  temperature.  The  emissivity  of  polymeric  fabrics 
would  also  probably  be  different  in  a  vacuum  at  elevated  temperatures  than  in 
air. 

Determination  of  the  emissivity  of  polymeric  fabrics  at  elevated  temper¬ 
atures  in  a  vacuum  does  not  appear  to  be  a  simple  task.  It  would  require 
heating  the  fabric  in  a  vacuum,  determining  the  fabric  temperature  by  some 
means  and  comparing  this  reading  to  that  given  by  an  infrared  pyrometer.  In 
other  words,  it  would  require  knowing  the  temperature  of  the  fabric. 

>1: 

Manufactured  by  Minnesota  Mining  and  Manufacturing  Co.,  St.  Paul,  Minnesota. 
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After  consideration  of  the  above  findings  and  discussions  with  other 

researchers  in  the  field,  it  was  decided  that  the  best  method  for  measuring 

the  temperature  of  fabric  test  specimens  being  tensile  tested  in  a  vacuum 

furnace  is  to  insert  a  the  rmocouple  (1  O-mil  Chromel- Alumel)  in  a  pocket 

(2) 

between  the  test  specimen  and  the  jaw  lining,  as  shown  in  Figure  2.  The 
pocket  is  formed  by  loosely  stitching  an  extension  of  the  jaw  lining,  which  is 
of  the  same  material  as  the  test  specimen,  to  the  test  specimen,  with  the 
thermocouple  located  approximately  at  the  center  of  the  test  specimen. 

Care  is  taken  to  prevent  the  stitching  and  jaw  lining  from  restricting  the 
test  specimen  extension.  It  is  believed  that  this  method  gives  the  best  meas¬ 
urement  of  the  true  test  specimen  temperature. 


1  3 


FABRIC  TEST  SPECIMEN 


FIGURE  2 


FABRIC  TEMPERATURE  MEASUREMENT 


SECTION  III 

TENSILE  PROPERTIES  OF  FABRICS  IN  VACUUM 


The  constructions  of  the  fabrics  tensile  tested  at  ambient  and  elevated 
temperatures  in  vacuum  are  given  in  Table  2.  The  tensile  properties  of  the 
fabrics  at  standard  conditions  and  in  vacuum  are  given  in  Tables  3  through 
10.  All  the  data  is  for  tests  performed  in  the  warp  direction  only.  One- inch 
wide  ra veiled-strip  test  specimens  and  a  three-inch  gauge  length  were  used 
throughout.  With  one  exception  the  fabrics  were  tested  at  a  jaw  speed  of  3.  0 
inches  per  minute  (strain  rate  of  100%  per  minute);  the  graphite  was  tested  at  0.  3 
inch  per  minute.  A  minimum  offive  specimenswereevaluatedateachtestcondition. 

For  those  fabrics  that  exhibited  a  yield,  the  yield  elongation  (expressed 
in  %)  and  yield  load  (lbs /inch  width  of  fabric)  are  given.  These  were  taken 
from  ihe  load-elongation  curve  at  the  point  where  the  bisector  of  the  angle 
formed  by  the  extrapolation  of  the  pre-  and  post-yield  portions  of  the  load- 
elongation  curve  intersected  the  load- elongation  curve.  The  modulus,  rupture 
elongation  (%)  and  rupture  load  (lbs /inch  width)  of  the  fabrics  are  also  given 
in  the  Tables.  The  tensile  moduli  values  given  represent  the  slope  of  the 
initial  linear  portion  of  the  fabric  load-elongation  curves  in  pounds  per  inch 
width  of  fabric  per  unit  strain.  All  elongations  and  moduli  reported  are 
based  on  the  at-temperature  gauge  length.  This  was  accomplished  by  care¬ 
fully  mounting  the  test  specimens  with  exactly  three  inches  of  free  fabric  length 
between  jaws  with  the  use  of  a  sample -mounting  jig.  The  jaws  and  test  speci¬ 
men  were  then  inserted  in  the  chamber  with  the  distance  between  jaws  being 
less  than  three  inches  during  the  dwell  time.  The  at-temperature  gauge  length 
was  then  taken  as  the  distance  between  jaws  plus  the  jaw  travel  to  where  a  load 
build-up  was  indicated.  The  thermal  expansion  of  the  jaw  system  was  neglected. 
Since  only  a  short  length  of  the  jaws  extend  into  the  hot-zone  and  the  jaws  are 
water  cooled,  the  error  in  the  moduli  and  elongation  data  resulting  from  neglect¬ 
ing  the  thermal  expansion  of  the  jaw  system  should  be  small. 
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TABLE  2 

FABRICS  TESTED 


Mate  ria  1 

Yarn  Construction 

Weave  Pattern 

Ends 
pe  r 
Inch 

Picks 

pe  r 

Inch 

We  ight 
(oz  / yd3) 

Nylon 

100/34/6Z 

MIL-C- 7350-1 

72 

70 

2.  0 

Dac  ron 

46/34/25Z 

2  x  1  tw  i  1 1 

1  37 

73 

1 . 7 

Nomex 

100/50/4Z 

MIL-C -  7350- I 

76 

75 

2.  0 

PBI 

100/25/3Z  warp 
100/25/2Z  filling 

MIL- C-7350-I 

75 

74 

2.  1 

Graphite 

538  denie  r 

8-  shaft  satin 

52 

49 

7.  6 

S/181 

Fibe  rgla  s 
greige;  heat- 
c  leaned 

203/3-  190-5Z/5S 

8-  shaft  satin 

58 

58 

8.  7 

Chromel  R 

10/10/1, 3S/3Z 

2  x  2  basket 

81 

82 

20.  0 

0.  5  -  mi  1  wire 

All  of  the  polymeric  fabric  test  specimens  shrank  during  the  dwell  time  at 
elevated  temperatures.  The  magnitude  of  the  shrinkage  varied  with  the  tem¬ 
perature  and  the  material.  Nylon  exhibited  negligible  shrinkage  below  300“F, 
an  apparent  shrinkage  of  7%  at  400°F  and  9%  at  450°F;  Dacron,  negligible 
shrinkage  below  500°F  and  approximately  10%  at  500°F;  Nomex,  negligible  shrink¬ 
age  below  700°F  and  approximately  3%  at  700<>F;  PBI,  negligible  shrinkage 
below  800°F  and  approximately  30%  at  800°F.  However,  as  previously  noted, 
although  all  test  specimens  were  mounted  with  three  inches  of  fabric  between 
jaws,  the  jaw  spacing  was  decreased  to  allow  free  sample  contraction  during  the 
dwell  time;  the  fabric  specimens  were  not  under  a  pre-load  at  the  start  of  the  test. 
(It  is  cautioned  that  these  shrinkage  values  can  only  be  considered  as  very  approxi¬ 
mate  because  of:  (1)  the  specimen  mounting  procedure,  (2)  the  unknown  magnitude 
of  the  thermal  expansion  of  the  jaw  system.  ) 
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TENSILE  PROPERTIES  OF  NYLON  FABRIC  IN  VACUUM 
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Fabric  tested  in  warp  direction  using  a  gauge  length  of  3  inches  and  a  jaw  speed  of  3.  0  inches  per  minute. 
Tests  performed  using  flat,  leather-lined  jaws. 

Tests  performed  using  serrated  jaws  lined  with  two  layers  of  nylon  fabric. 


TENSILE  PROPERTIES  OF  NYLON  FABRIC  IN  VACUUM 
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Tests  performed  using  serrated  jaws  lined  with  two  layers  of  nylon  fabric. 


TENSILE  PROPERTIES  OF  NYLON  FABRIC  IN  VACUUM 
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Tests  performed  using  serrated  jaws  lined  with  two  layers  of  nylon  fabric. 

Includes  15  minutes  dwell  time  at  temperature. 

Average  temperature  variation  noted  is  during  dwell  time;  the  variation  was  _+2°F  or  less  during  the  test. 
Average  of  two  thermocouples. 


TENSILE  PROPERTIES  OF  NYLON  FABRIC  IN  VACUUM 
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Tests  performed  using  serrated  jaws  lined  with  two  layers  of  nylon  fabric. 

Includes  15  minutes  dwell  time  at  temperature. 

Average  temperature  variation  noted  is  during  dwell  time;  the  variation  was  j^2°F  or  less  during  the  test. 
Average  of  two  thermocouples. 


TENSILE  PROPERTIES  OF  DACRON  FABRIC  IN  VACUUM 
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Fabric  tested  in  warp  direction  using  a  gauge  length  of  3  inches  and  a  jaw  speed  of  3.  0  inches  per  minute. 
Tests  performed  using  flat,  tape-lined  jaws. 

Tests  performed  using  serrated  jaws  lined  with  two  layers  of  Dacron  fabric. 
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Tests  performed  using  serrated  jaws  lined  with  two  layers  of  Dacron  fabric. 

Includes' 15  minutes  dwell  time  at  temperature. 

Average  temperature  variation  noted  is  during  dwell  time;  the  variation  was  ^2°F  or  less  during  the  test. 
Average  of  two  thermocouples. 


TENSILE  PROPERTIES  OF  NOMEX  FABRIC  IN  VACUUM 


a  a. 

S  6 

a  • 
w  H 


o 

r- 


d 

* 


o 

r- 


o 

t- 


aj  X 

5  'g  c  5 

a  o  ^  !2 

d  »-4  “ 

a 


£  * 


sO  CVu  in  CO  vDl  d4 
o  o  o  o  o  I  o 


o  no  m  ^  ^<|\0 

o  o  o  o  o  o 


Is*  >0  N  ^  OM  h- 

o  o  o  o  o  ©  o 


co  ^  vd  r-  aM  O 
co  o  o  o  o  I »— * 


£  **> 

3  c  H 
;  o  51 

3  W 
05 


m 

CO 

m 

o 

CO 

00 

o 

00 

o 

in 

CM 

— 

NO 

CO 

CO 

CO 

r- 

O' 

CO 

sO 

in 

o' 

O' 

O' 

_■ 

d 

o’ 

d 

O' 

o' 

d 

d 

d 

d 

d 

o o 

c-‘ 

d 

d 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

,  < 

CO 

\ 

CO 

—4 

-“4 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

— * 

«  < 

CO 

— 4 

<n  -C 
3  U 

d  .s 

TJ  ^ 
O  CO 

2  £ 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

00 

c- 

r- 

<  < 

CO 

'O 

o 

oo 

CO 

O 

CO 

vO 

r—i 

d4 

d4 

n- 

in 

vO 

in 

in 

in 

m 

in 

in 

CO 

ro 

M4 

vO 

CO 

vO 

m 

vO 

v£> 

vn 

“■4 

•— 4 

*""4 

•— * 

*~4 

—1 

—> 

J3 

TJ  _  O 

2  •»  c 

4j  ro  .** 


2  c  _i 
a> 

£  W 


a> 

-*-* 

;s 

0) 

TJ 

5 


<D 

4-* 

•  •H 

c 

■4H 

0) 

TJ 

2 


0) 

."ti 

*c 

3 

TJ 

S 


0> 

4-» 

;s 

a> 

TJ 

5 


c 

a> 

s 

o 

4> 

a 

w 


a  _J 

£  M 

0) 

H 


e 

o  « 

m 

sO 


o 

c- 


o 

r— 


o 


.S  E 

g  § 

H  > 


x: 

sO 


■*-» 

W  10 

m 

CO 

in 

CO 

V  + 

CO 

r- 

CO  •—* 

col  in 

CO 

in 

OO 

n- 

o 

o 

m 

H  ° 

. 

■  - 

. 

. 

• 

. 

d 

to 

o  X 

■*-* 

d 

0) 

vO 

m 

in  in 

m|  m 

o 

d 

d 

CO 

CO 

CO 

rH 

CO 

CO 

CO 

CO 

00 

4J  f-f 

.-4 

CO 

CO 

CO 

i) 

C  ^ 

CO 

00 

00 

h 

.£  o 

E 

> 

> 

> 

Cl 

H 

fit 

•< 

< 

< 

b© 

> 

< 


23 


Fabric  tested  in  warp  direction  using  a  gauge  length  of  3  inches  and  a  jaw  speed  of  3.  0  inches  per  minute. 
Tests  performed  using  flat,  leather- lined  jaws. 

Tests  performed  using  serrated  jaws  lined  with  three  layers  of  Nomex  fabric. 


TABLE  5  (Cont.  ) 

TENSILE  PROPERTIES  OF  NOMEX  FABRIC  IN  VACUUM 
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TENSILE  PROPERTIES  OF  NOMEX  FABRIC  IN  VACUUM 
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Tests  performed  using  serrated  jaws  lined  with  three  layers  of  Nomex  fabric. 

Includes  15  minutes  dwell  time  at  temperature. 

Average  temperature  variation  noted  is  during  dwell  time;  the  variation  was  ^2°F  or  less  during  the  test. 
Average  of  two  thermocouples. 


TENSILE  PROPERTIES  OF  PBI  FABRIC  IN  VACUUM 
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Fabric  tested  in  warp  direction  using  a  gauge  length  of  3  inches  and  a  jaw  speed  of  3.0  inches  per  minute. 
Tests  performed  using  flat,  leather-lined  jaws. 

Tests  performed  using  serrated  jaws  lined  with  two  layers  of  PBI  fabric. 


TABLE  6  (Cont.  ) 

TENSILE  PROPERTIES  OF  PBI  FABRIC  IN  VACUUM 
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TENSILE  PROPERTIES  OF  PBI  FABRIC  IN  VACUUM 
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Tests  performed  using  serrated  jaws  lined  with  two  layers  of  PBI  fabric,  a  gauge  length  of  2  inches 
and  a  jaw  speed  of  2.  0  inches  per  minute. 

Includes  15  minutes  dwell  time  at  temperature. 

Average  temperature  variation  noted  is  during  dwell  time,  _^3°F  or  less  during  the  test 


TENSILE  PROPERTIES  OF  HEAT-CLEANED  FIBERGLAS®  FABRIC  IN  VACUUM 


V  a _ 

“Eh  o 

2.  u  •  *- 

t/a  H  — 

—  o.  _ 

™  o 

>■  4>  •  ^ 

>  H  ^ 


3  c  o  r-r-rovo  m  co  o 

a  9  w  NMNMNNNN 


a  o  ^  ^ 

3  _Q  ^ 
l X 


— <  1/1  N  m  O  N  O'  N 
vONONf^NN^f 
rocorocororococo 


co  so  O'  oo  r-  vo  rsa 

00  — <  Tf  vO  ro  (M 
M  ^  ro  m  Tf  co  m 


5  S’- 

g 

3  W 

« 

m  . — . 

3  U  n 
C  i 

3^0 

T3  •  f—« 

O  w 

S  §  * 


Tf  CO  o  ro  ro 


r-  o  r-  to  vO  I  oo  in  m  -h  n  in  r-  r-  I 


rf  oo  co  co  ro|  co  rfcocoT*<rOcoco|co  Tf  ^  tJ*  rf  rn  m| 


o  ^  h*  0s  —* I o  rf  co  n  ^  r-  o  fMltn  — <  — «  o  p-  Tt<  col 


o  o  o  a-  ^  ^  olo 


m  (\j  m  n  ^  ^  ml  ro 


ro  o  -<  rf  I 


2  -g  1 

H)  (0  -H 

s  *3  J$ 


2 

V  _o  ^ 
£  w 


uy  _ 

J  E  uT 

U  I)  " 


*;  m  « 

«  4)  + 

<u  H  ° 

5  °  * 

00  (D  »H 

0)  c  ^ 

^  5  o 

a,  h  £| 


o  o  o-  ct-  — t  o  ini— <  r-  r-  O'  pm  o  — <  I < 


m  n  N  m  m 


co  «sj  rvj  im 


CO  CO  CO  I  1 


29 


L  u  13.  1  4.  3  370 

Fabric  tested  in  warp  direction  using  a  gauge  length  of  3  inches  and  a  jaw  speed  of  3.  0  inches  per  minute. 
Tests  performed  using  flat,  tape-lined  jaws. 

Tests  performed  using  serrated  jaws  lined  with  two  layers  of  Fibergtas®  fabric. 
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TENSILE  PROPERTIES  OF  HEAT-CLEANED  FIBERGLAS®  FABRIC  IN  VACUUM 
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Tests  performed  using  serrated  jaws  lined  with  two  layers  of  Fiberglas®  fabri 
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TENSILE  PROPERTIES  OF  HEAT-CLEANED  FIBERGLAS®  FABRIC  IN  VACUUM 
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Tests  performed  using  serrated  jaws  lined  with  two  layers  of  Fiberglas®  fabric. 

Includes  15  minutes  dwell  time  at  temperature. 

Average  temperature  variation  noted  is  during  dwell  time;  the  variation  was  t2°F  or  tess  during  the  test. 
Average  of  two  thermocouples. 


TABLE  7  (Cont.  ) 

TENSILE  PROPERTIES  OF  HEAT-CLEANED  FIBERGLAS®  FABRIC  IN  VACUUM 
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Tests  performed  using  serrated  jaws  lined  with  two  layers  of  Fiberglas®  fabric. 

Includes  15  minutes  dwell  time  at  temperature. 

Average  temperature  variation  noted  is  during  dwell  time;  the  variationwas  +2°F  or  less  during  the  test. 
Average  of  two  thermocouples. 


TENSILE  PROPERTIES  OF  GREIGE  FIBERGLAS®  FABRIC  IN  VACUUM 
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Fabric  tested  in  warp  direction  using  a  gauge  length  of  3  inches  and  a  jaw  speed  of  3.  0  inches  per  minute. 
Tests  performed  using  flat,  leather-lined  jaws. 

Tests  performed  using  serrated  jaws  lined  with  two  layers  of  greige  Fiberglas®  fabric. 
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TENSILE  PROPERTIES  OF  GRAPHITE  FABRIC  IN  VACUUM 
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Fabric  tested  in  the  warp  direction  using  a  gauge  length  of  3  inches  and  a  jaw  speed  of  0.  3  inch  per  minute. 
Tests  performed  using  flat,  leather-lined  jaws. 

Tests  performed  using  serrated  jaws  lined  with  three  layers  of  quartz  fabric. 


TENSILE  PROPERTIES  OF  CHROMEL  R  METAL  FABRIC 
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TENSILE  PROPERTIES  OF  CHROMEL  R  METAL  FABRIC 

IN  VACUUM 
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Tests  performed  with  serrated  jaws  lined  with  two  layers  of  heat-cleaned  quartz  fabric. 
Includes  15  minutes  dwell  time  at  temperature. 

Measured  with  an  optical  pyrometer. 

Not  measured. 


The  rupture  elongations  given  in  Tables  3-10  were  taken  at  the  point  on  the 
load -elongation  curve  where  the  first  sudden,  large  drop  in  load  occurred.  For 
all  materials,  except  the  Chromel  R  metal  fabric  at  1500  to  2000  °F,  this  either 
coincided  with  the  point  of  maximum  load  or  occurred  immediately  after  the  point 
of  maximum  load.  The  Chromel  R  fabric  exhibits  considerable  elongation  beyond 
the  point  of  maximum  load  at  temperatures  above  1250  °F  (see  Figure  26).  All  the 
elongations  given  in  Table  10  for  Chromel  R  fabric  are  to  rupture. 

During  preliminary  tests  at  1500  °F  and  a  jaw  speed  of  0.  3  inch/minute,  the 
extension  of  the  Chromel  R  fabric  was  found  to  be  so  large  that  the  jaw  contacted 
the  extension  stops  before  the  sample  broke.  Therefore,  all  the  results  given  in 
Table  10  are  for  a  jaw  speed  of  3.  0  inches /minute,  as  noted. 

The  fabrics  were  tensile  tested  initially  at  standard  conditions  with  stand¬ 
ard  Instron  flat  jaws  and  with  the  vacuum  chamber  jaws  to  check  that  both  pro¬ 
cedures  give  the  same  results.  The  data  given  in  the  Tables  for  70°F,  65%  RH, 
ambient  conditions  was  obtained  using  the  standard  Instron  flat  jaws. 

The  vacuum  chamber  jaws  are  serrated  and  in  all  cases  were  lined  with 
two  or  three  layers  of  the  same  fabric  as  the  one  being  tested.  The  actual 
number  of  layers  used  in  evaluating  each  material  is  noted  in  the  Tables.  It 
was  arrived  at  by  trial  and  is  the  number  required  to  prevent  both  jaw  breaks 
and  slippage  in  the  jaws.  Additionally,  the  jaws  were  tightened  with  a  torque 
wrench  in  an  effort  to  further  uniformize  the  testing. 

The  fabric  test  specimens  were  held  at  the  test  temperature  for  15  minutes 
prior  to  testing.  However,  it  usually  took  a  considerable  length  of  time  to 
achieve  the  test  temperature;  the  approximate  time  for  each  material  and  each 
temperature  level  is  noted  in  the  Tables.  The  approximate  total  time  each  test 
specimen  was  in  the  vacuum  chamber  is  also  noted  intheTables.  This  time  in¬ 
cludes  the  15-minute  dwell  time  and  the  heat-up  time;  it  is  the  time  interval 

-  3 

between  the  pressure  reaching  about  1x10  torr  and  the  Instron  crosshead 

starting  down.  The  long  heat-up  time  used  with  some  of  the  materials  was 

-  5 

necessary  in  order  not  to  exceed  a  pressure  of  10  x  10  torr  as  a  consequence 
of  the  specimen  outgassing.  (For  maximum  heating  element  life  the  manufac- 

-  5 

ture  r  recommends  that  the  elements  be  operated  only  at  pressures  below  lOx  10 
torr.  ) 
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The  approximate  range  in  temperature  of  the  test  specimens  during  the 
dwell  time  is  noted  in  the  tables  for  each  temperature  level.  The  temperature 
range  during  the  actual  tensile  test  was  ^3°F  of  the  average,  or  less. 

The  temperature  variation  along  the  length  of  the  fabric  test  specimens 
was  investigated.  One  of  the  pieces  of  jaw  lining  was  extended  from  the  top 
jaw  to  the  bottom  jaw.  Three  thermocouples  were  inserted  between  the  lining 
and  the  test  specimen,  one  1/4  inch  below  the  top  jaw,  one  at  the  center  of  the 
3-inch  spacing  between  jaws,  and  the  third  1/4  inch  above  the  bottom  jaw.  The 
variation  in  temperature  along  the  test  specimen  length  using  a  nylon  fabric, 
was  found  to  be  _+3%  of  the  average  of  the  three  readings  at  400  "F;  using 
a  Chromel  R  meta  1  fabric,  _+l-l  /2%  at  i000°F  and  jf  1  /2%  at  2000°F. 

The  temperature  of  the  2-1/2  inch  diameter  heaters  which  surround  the 
test  specimens  is  also  noted  in  Tables  3-  10.  This  was  measured  with  thermo¬ 
couples  located  in  the  vicinity  of  the  test  specimen  and  bonded  to  the  inside 
face  of  the  heater  (see  Section  II).  The  temperature  indicated  by  a  thermocouple 
located  at  the  center  of  the  chamber  is  also  given  in  the  Tables. 

The  power  to  the  heaters  was  decreased  as  the  lower  jaw  moved  downward 
during  the  test  in  order  to  maintain  the  desired  temperature. 

The  pressure  at  the  time  of  test  is  noted  in  the  Tables.  It  varied  from 
-5  -5 

about  0.  1  x  10  to  7  x  10  torr,  depending  on  the  material,  temperature  and 
length  of  exposure. 

Glass  fabric  is  normally  supplied  with  a  starch-oil  finish.  This  finish 
reduces  degradation  caused  by  surface-to-surface  contact  of  adjacent  fibers 
and  thereby  improves  the  fabric  strength.  However,  heat-cleaned  glass  fabric 
was  used  in  the  elevated  temperature  vacuum  tests  in  order  to  avoid  possible 
problems  with  outgassing  of  the  starch-oil  finish.  Both  heat-cleaned  Fiberglas 
fabric  and  fabric  of  identical  construction,  but  with  the  starch-oil  finish  not 
removed,  i.  e.  ,  a  greige  Fiberglas  fabric,  were  evaluated  in  vacuum  at  70°F. 

As  a  comparison  of  the  data  in  Table  8  for  the  greige  fabric  to  that  in  Table  7 
for  the  heat-cleaned  fabric  shows,  the  greige  fabric  exhibits  approximately  a 
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41-1/2%  larger  rupture  load  at  standard  conditions  and  47-1/2%  larger  rupture 
load  at  70'F  in  vacuum  after  a  one-hour  exposure. 

Test  specimen  clamping  difficulties  were  encountered  in  testing  both 
glass  and  graphite  fabrics.  The  vacuum  data  given  in  Tables  7,  8,  and  9  for 
these  fabrics  were  obtained  using  serrated  jaws  lined  with  two  layers  of 
Fiberglas  fabric.  With  this  procedure,  the  Fiberglas  test  specimens  broke 
in  the  gauge  length  at  1000  and  1200  °F  and  exhibited  a  "broken-a ll-ove r " 
appearance  at  lower  temperatures. 

Late  in  the  program  efforts  were  made  to  develop  an  improved  mounting 
procedure  for  testing  Fiberglas  and  graphite  fabric.  The  ends  of  the  test 
specimens  were  impregnated  with  various  ceramic  and  plastic  materials  and 
clamped  in  the  jaws  with  several  hundredths  of  an  inch  of  the  impregnated  tail 
extending  beyond  the  edge  of  the  jaws  to  minimize  the  chance  of  failure  at  and 
in  the  jaws.  Of  the  impregnating  materials  investigated,  higher  strengths 
were  obtained  for  the  Fiberglas  fabric  at  standard  conditions  only  with  epoxy 
resin.  The  other  materials  were  either  too  acidic  or  alkaline  and  degraded 
the  glass  fibers. 

Preliminary  results  indicate  that  higher  Fiberglas  fabric  strengths  can 
also  be  obtained  to  about  800°F  in  air  by  impregnating  the  test  specimen  ends 
with  epoxy  resin.  However,  it  is  doubtful  that  this  mounting  procedure  would 
be  suitable  for  elevated  temperature  testing  in  vacuum  because  of  excessive 
outgassing  of  the  epoxy  resin. 

The  graphite  fabric  evaluated  had  been  graphitized  in  fabric  form.  No 
definitive  conclusions  can  be  drawn  from  the  results  obtained  because  of  the 
considerable  scatter  in  data  (see  Table  9).  This  was  due  to  variation  in  the 
properties  of  the  fabric  from  one  location  to  another  in  the  cloth  roll,  and  also 
to  the  test  specimen  clamping  difficulties  mentioned  previously.  Consequently, 
no  tensile  testing  was  performed  at  elevated  temperatures. 

As  noted  in  Tables  3  through  10,  the  polymeric  fabrics  and  the  heat-cleaned 
Fiberglas  fabric  were  tensile  tested  in  vacuum  at  70  °F  after  being  in  vacuum 
(at  70°F)  for  1,  16,  and  64  hours.  (A  few  tests  were  also  made  on  the  nylon  fab¬ 

ric  after  vacuum  exposures  of  5  to  40  days:  see  Table  3.  )  The  greige  Fiberglas 
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fabric  and  the  graphite  fabric  were  evaluated  after  1-  and  16-hour  exposures. 
Since  vacuum  was  not  expected  to  have  any  effect  on  the  tensile  properties  of 
1/2-mil  diamete r  wi re,  the  Chromel  R  fabric  was  not  evaluated  at  70°F  in 
vacuum. 

The  percent  changes  in  the  tensile  properties  of  the  fabrics  with  increas¬ 
ing  lengths  of  time  in  vacuum,  compared  to  their  properties  in  14.  7  psi,  70<>F, 
65%RH  air,  are  given  in  Table  11.  As  shown,  vacuum  has  only  a  small  effect, 
from  +5.  8%  to  -4.  3%,  on  the  rupture  load  of  the  polymeric  fabrics.  However, 
vacuum  has  a  more  significant  effect  on  the  rupture  elongation  of  the  fabrics;  in 
general,  the  rupture  elongation  decreases  and  for  nylon  the  modulus  increases. 
The  Dacron  fabric  exhibits  only  a  small  change  in  rupture  elongation  —  from 
-  1.  3%  to  +2.  7%;  however,  the  other  fabrics  exhibit  as  much  as  a  20%  decrease 
in  elongation.  The  small  effect  of  vacuum  on  the  tensile  properties  of  the 
Dacron  fabric  is  probably  due  to  the  low  moisture  regain  of  the  material. 

With  the  exception  of  the  modulus  of  the  nylon  fabric,  increasing  the 
length  of  the  vacuum  exposure  from  1  to  64  hours  appears  to  have  little  effect 
on  the  tensile  properties  of  the  fabrics. 

As  also  shown  in  Table  11,  both  heat-cleaned  and  greige  Fiberglas  fabric 
exhibit  a  large  increase  —  as  much  as  45%  -  in  tensile  strength  in  vacuum. 

The  rupture  elongation  and  modulus  of  the  glass  fabrics  are  also  larger  in 
vacuum.  These  property  changes  are  evidently  due  to  the  removal  of  moisture 
from  the  surface  of  the  glass  f  ibe  rs,  the  reby  reducing  stress-crack  corrosion. 

Both  the  heat-cleaned  and  greige  Fiberglas  fabrics  were  tensile  tested 
in  14.  7  psi,  70°F,  65%RH  air  after  a  16-hour  exposure  in  vacuum  (70°F) 
and  subsequently  one  hour  in  70  °F,  65%RH  air.  As  a  comparison  of  the 
results  of  these  tests  (see  Table  12)  to  the  data  in  Tables  7  and  8  shows,  the 
fabrics  exhibit  approximately  the  same  tensile  properties  after  vacuum  expo¬ 
sure  and  reconditioning  as  before;  the  improvement  of  Fiberglas  fabric  prop¬ 
erties  obtained  in  vacuum  is  not  permanent. 
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TABLE  11 

PERCENT  CHANGE  IN  FABRIC  PROPERTIES  IN  VACUUM 


Material 

Time  in 

Vacuum 

(hrs) 

Change  in 
Modulus 
(%) 

Change  in 
Rupture 
Elongation 
(%) 

Change  in 
Rupture 
Load 

(%) 

Nylon 

1 

+  19.  8 

-  15.  9 

-  1.  9 

16 

+29.  8 

-  10.  2 

-2.8 

64 

+  37.  2 

-11.8 

-  2.  8 

Dacron 

1 

+  34 

-  1.3 

-  3.  6 

16 

+  5.0 

+  2.  7 

+  2.7 

64 

+  2.  7 

-  1.3 

+  1.1 

Nomex 

1 

-  9.  6 

-  18.  7 

+  1.9 

16 

-  8.  3 

-  17.  5 

+  2.  9 

64 

+  4.  5 

-20.  3 

+  5.  8 

PBI 

1 

+  1.0 

-13.  9 

+  1.4 

16 

-  4.  0 

-  14.  4 

-  2.  9 

64 

-1.0 

-  4.  6 

-  4.  3 

Fiberglas 

1 

+  35.  0 

+  11.8 

-•33.  6 

(heat-cleaned ) 

16 

-131.0 

-i  26.  5 

+  44.  5 

64 

+  28.  0 

+  14.  7 

+  38.  3 

Fibe  ?glas 

1 

+  8.  3 

+  9.  8 

+  39.  5 

(greige) 

16 

+  2.  3 

+  19.  5 

H48.  9 
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TABLE  12 

TENSILE  PROPERTIES  OF  FIBERGLAS®  FABRIC  AFTER  VACUUM  EXPOSURE 
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Fabric  tested  in  warp  direction  using  a  gauge  ength  of  3  inches  and  a  jaw  speed  of  3.  0  inches  per  minute. 
Specimens  conditioned  16  hours  in  a  vacuum  \i..  7  x  I0'6  torr)  and  tested  after  1  hour  of  conditioning  in 
14.7  psi,  70 °F,  65%RHair. 

Tests  performed  using  flat,  tape-lined  jaws. 

Tests  performed  using  flat,  leather-lined  jaws. 


As  shown  in  Table  3,  the  nylon  fabric  was  tensile  tested  at  70,  200,  300, 
400,  450,  and  475 *F  in  vacuum.  The  fabric  strength  at  450  “F  is  about  40%  and 
at  475°F,  5%  of  its  strength  at  standard  conditions.  The  modulus  at  450°F  is 
about  17-1/2%  of  that  exhibited  at  standard  conditions  and  the  rupture  elonga¬ 
tion  three  times  greater. 

The  Dacron  fabric  was  tested  at  70,  200,  300,  400,  and  475°F  (see  Table 
4).  It  exhibits  a  strength  at  475  °F  which  is  about  25%,  a  modulus  which  is 
about  64%  and  a  rupture  elongation  which  is  about  131%  of  the  values  meas¬ 
ured  at  standard  conditions. 

The  Nomex  fabric  (see  Table  5)  was  tested  at  70,  200,  300,  400,  500,  600, 
700,  and  750°F.  The  strength  at  750°F  is  approximately  13-1/2%,  the  modulus, 
9-  3%  and  the  rupture  elongation,  61%  of  the  fabric  properties  at  standard 
conditions. 

Data  for  the  PBI  fabric  are  given  in  Table  6  for  test  temperatures  of  70, 

200,  400,  600,  700,  and  800“F.  The  fabric  strength  at  700°F  is  approxi¬ 
mately  50%  of  its  strength  at  standard  conditions;  the  rupture  elongation, 
about  150%;  and  the  modulus,  40%.  Attempts  to  test  the  fabric  at  800°F 
with  a  three-inch  gauge  length  were  unsuccessful.  The  material  elongation 
was  so  great  that  the  lower  jaw  contacted  the  extension  stops  before  the  sam¬ 
ple  broke.  The  fabric  was  retested  using  a  2-inch  gauge  length.  The  jaw 
speed  was  correspondingly  reduced  to  2.  0  inches  per  minute  in  order  to  main¬ 
tain  the  nominal  100%  per  minute  strain  rate.  The  fabric  strength  measured 
at  800°F  is  14-1/2%,  the  modulus,  5-1/2%  and  the  rupture  elongation  approxi¬ 
mately  400%  of  the  fabric  properties  at  standard  conditions. 

The  heat-cleaned  Fiberglas  fabric  was  tested  at  70,  200,  400,  800,  1000, 

and  1200°F  in  vacuum  (see  Table  7).  The  fabric  strength  at  1200°F  is  approxi¬ 
mately  15%  of  its  tensile  strength  at  standard  conditions  and  10%  of  its  strength 
at  70  °F  in  vacuum. 
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Data  on  the  Chromel  R  multifilament- ya rn,  fine-wire  fabric  are  given 
in  Table  10,  The  fabric  was  tested  at  ambient  temperatures  and  at  1250, 

1500,  1750,  and  2000°F  in  vacuum.  In  the  1250°F  tests  the  specimen  tem¬ 
perature  was  determined  with  a  thermocouple  using  the  technique  shown  in 
Figure  2.  Two  series  of  tests  were  made  at  1500°F.  For  one,  the  temper¬ 
ature  of  the  specimens  was  determined  with  a  thermocouple  and  for  the  other, 
with  an  optical  pyrometer!"  The  specimen  temperatures  given  by  both  of  these 
procedures  agreed  closely  with  the  space  temperature,  i.  e.  ,  the  temperature 
indicated  by  a  thermocouple  extending  into  the  center  of  the  chamber.  Conse¬ 
quently,  the  reason  for  the  differences  in  the  two  sets  of  data  is  not  readily 
apparent.  The  temperature  of  the  test  specimens  in  the  1750  and  2000°F 
tests  was  determined  with  the  optical  pyrometer. 

The  tensile  strength  of  the  Chromel  R  fabric  in  vacuum  at  1500  °F  is 
25-30%;  at  1750°F,  approximately  13%;  and  at  2000°F,  7%  of  the  fabric 
strength  at  standard  conditions.  The  fabric  rupture  elongation  at  2000“F 
in  vacuum  is  193%  of  the  elongation  at  standard  conditions. 

The  tensile  rupture  load,  rupture  elongation  and  modulus  of  the  nylon 
fabric  in  vacuum  are  plotted  in  Figures  3,  4,  and  5,  respectively,  as  a 
function  of  test  temperature,  and,  similarly,  for  the  Dacron  fabric  in 
Figures  6,  7,  and  8;  the  Nomex  fabric  in  Figures  9,  10,  and  11;  the  PBI  fabric 
in  Figures  12,  13,  and  14;  the  heat-cleaned  Fiberglas  fabric  in  Figures  15, 

16,  and  17,  and  for  the  Chromel  R  metal  fabric  in  Figures  18,  19,  and  20. 

Typical  load-elongation  diagrams  of  these  fabrics  at  ambient  and  elevated 
temperatures  in  vacuum  are  given  in  Figures  21  through  26. 


#8631  -  F, 


Leeds  Northrup  Co.  , 


Philadelphia , 
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FIGURE  3.  NYLON  FABRIC  RUPTURE  LOAD  AS  A  FUNCTION  OF  TEMPERATURE 
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FIGURE  5.  NYLON  FABRIC  TENSILE  MODULUS  AS  A  FUNCTION  OF  TEMPERATURE. 
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FIGURE  6.  DACRON  FABRIC  RUPTURE  LOAD  AS  A  FUNCTION  OF  TEMPERATURE. 
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FIGURE  9.  NOMEX  FABRIC  RUPTURE  LOAD  AS  A  FUNCTION  OF  TEMPERATURE. 
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FIGURE  10.  NOMEX  FABRIC  RUPTURE  ELONGATION  AS  A  FUNCTION  OF  TEMPERATURE. 
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NOMEX  FABRIC  TENSILE  MODULUS  AS  A  FUNCTION  OF  TEMPERATURE 
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PBI  FABRIC  RUPTURE  LOAD  AS  A  FUNCTION  OF  TEMPERAT1 


C%)  no i XV9N013  aanidna 


55 


FIGURE  13.  PBI  FABRIC  RUPTURE  ELONGATION  AS  A  FUNCTION  OF  TEMPERATURE 
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FIGURE  14.  PBI  FABRIC  TENSILE  MODULUS  AS  A  FUNCTION  OF  TEMPERATURE 
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FIGURE  16.  HEAT-CLEANED  FIBERGLAS  FABRIC  RUPTURE 

ELONGATION  AS  A  FUNCTION  OF  TEMPERATURE. 
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HEAT-CLEANED  FIBERGLAS  FABRIC  TENSILE 
MODULUS  AS  A  FUNCTION  OF  TEMPERATURE. 
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FIGURE  18.  CHROMEL  R  METAL  FABRIC  RUPTURE  LOAD  AS  A  FUNCTION  OF  TEMPERATURE 
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TEMPERATURE  (°F) 

FIGURE  19.  CHROMEL  R  METAL  FABRIC  RUPTURE  ELONGATION  AS  A  FUNCTION  OF  TEMPERATURE. 
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FIGURE  20.  CHROMEL  R  METAL  FABRIC  TENSILE  MODULUS  AS  A  FUNCTION  OF  TEMPERATURE 
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FIGURE  23.  TYPICAL  LOAD- E LONGAT I  ON  DIAGRAMS  OF  NOMEX  FABRIC  IN  VACUUM. 


65 


0  20  40  60  80 

ELONGATION  C%} 

FIGURE  2<+.  TYPICAL  LOAD-ELONGATION  DIAGRAMS  OF  PBI  FABRIC  IN  VACUUM. 
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FIGURE  25.  TYPICAL  LOAD-ELONGATION  DIAGRAMS 
OF  HEAT-CLEANED  FIBERGLAS  FABRIC 
IN  VACUUM. 
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The  nylon,  Dacron,  Nomex,  PBI,  heat-cleaned  Fiberglas  and  Chromel  R 
metal  fabrics  evaluated  in  vacuum  were  also  tensile  tested  at  elevated  temper¬ 
atures  in  air.  The  results  of  the  tests  are  given  in  Tables  13  through  18.  The 
average  properties  of  the  fabrics  at  70“F  are  also  noted.  This  data  is  the 
same  as  that  given  previously  in  Tables  3  through  7  and  10.  (It  was  obtained 
using  a  3-inch  gauge  length,  3.  0  inches  per  minute  jaw  speed  -  1  00%  pe r 
minute  strain  rate— and  flat,  leathe r- lined  jaws.) 

The  polymeric  and  glass  fabrics  were  tested  at  elevated  temperatures  in 

S*j 

a  circulating  hot-air  oven  mounted  in  an  Instron  tensile  tester,  in  the  warp 
direction  only,  using  one-inch  wide  ravelled- strip  test  specimens.  A  test 
specimen  gauge  length  of  5  inches  and  jaw  speed  of  5.  0  inches  per  minute 
(100%  per  minute  strain  rate)  were  used  in  evaluating  the  polymeric  fabrics, 
and  a  gauge  length  of  5  inches  and  jaw  speed  of  0.  5  inch  per  minute  in  evalu¬ 
ating  the  glass  fabric.  The  test  specimens  were  clamped  in  flat  jaws  lined 
with  two  layers  of  the  same  fabric  as  being  tested. 

The  Chromel  R  metal  fabric  was  tested  in  a  clam-shell  oven  mounted  in 
an  Instron,  using  a  3.  5- inch  gauge  length,  0.  5-inch  per  minute  jaw  speed  and 
serrated  jaws  lined  with  two  layers  of  quartz  fabric.  A  complete  description 
of  this  equipment  is  given  in  Reference  3. 

The  temperature  of  the  fabric  test  specimens  in  both  chambers  was  deter¬ 
mined  with  a  thermocouple  mounted  immediately  adjacent  to  the  specimen 
midpoint.  The  test  specimens  were  held  at  temperature  for  15  minutes  prior 
to  testing;  the  temperature  was  maintained  within  approximately  jr2%  of  the 
desired  level  during  both  the  dwell  time  and  test.  A  minimum  of  five  test 
specimens  were  evaluated  at  each  temperature. 

Data  is  given  for  the  heat-cleaned  Fiberglas  fabric  for  70  and  800°F  only 
(see  Table  17)  because  of  test  specimen  clamping  difficulites  encountered  at 
temperatures  between  these  two  levels. 


FRL®  Env  ironmental  Test  Chamber,  manufactured  by  Custom  Scientific 
Instruments,  Inc.  ,  Kearny,  New  Jersey. 
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TENSILE  PROPERTIES  OF  NYLON  FABRIC  IN  AIR 
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3-inch  gauge  length,  3.  0-inches  per  minute  jaw  speed;  flat,  leather-lined  jaws. 

5-inch  gauge  length,  5.  0-inches  per  minute  jaw  speed;  flat  jaws  lined  with  two  layers  of  nylon  fabric. 
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-inch  gauge  length,  3.  0-inches  per  minute  jaw  speed;  flat,  tape-lined  jaws. 

-inch  gauge  length,  5.  0-inches  per  minute  jaw  speed  iu>t  jaws  lined  with  two  layers  of  Dacron  fabric. 
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TENSILE  PROPERTIES  OF  NOMEX  FABRIC  IN  AIR 
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3-inch  gauge  length,  3.0-inches  per  minute  jaw  speed;  flat,  leather-lined  jaws. 

5-inch  gauge  length,  5.  0-inches  pt  r  minute  jaw  speed;  flat  jaws  lined  with  two  layers  of  Nomex  fabric 


TENSILE  PROPERTIES  OF  NOMEX  FABRIC  IN  AIR 
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-inch  gauge  length,  5.  0-inches  per  minute  jaw  speed;  flat  jaws  lined  with  two  layers  of  Nomex  fabric. 


TENSILE  PROPERTIES  OF  PBI  FABRIC  IN  AIR 
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3-mch  gauge  length,  3.  0-inches  per  minute  jaw  speed;  Hat,  leather-lined  jaws. 

5-mch  gauge  length,  5.  0-inches  per  minute  jaw  speed;  flat  jaws  lined  with  two  layers  of  PBI  fabric. 


TABLE  17 

TENSILE  PROPERTIES  OF  HEAT-CLEANED  FIBERGLAS® 
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3-inch  gauge  length.  3.  0-inches  per  minute  jaw  speed;  flat,  tape-lined  jaws 

8aUg'  81h'  °-  5'inCh  P"  mi""'e  i™  speed'  fla* )—  'i»=d  wilh  two  layers  ot  Fiberglas®  fabric 


TENSILE  PROPERTIES  OF  CHROMEL  R  METAL  FABRIC  IN  AIR 
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Average  values  taken  from  AFML-TR-65-  1 18; 

3.  5-inch  gauge  length,  0.  5-inch  per  minute  jaw  speed;  serrated  jaws  lined  with  two  layers  of 
quartz  fabric. 


The  value  given  in  Table  18  for  the  tensile  strength  of  the  Chromel  R 
fabric  at  70°F  is  considerably  lower  than  that  given  in  Table  10.  There  are 
several  possible  reasons  for  this  difference:  (1)  The  two  sets  of  data  were 
not  obtained  from  the  same  piece  of  fabric.  Although  the  construction  details 
of  both  fabrics  were  identical,  when  evaluated  using  the  same  jaw-clamping 
procedure  the  fabric  used  in  obtaining  the  data  at  elevated  temperatures  in 
air  exhibited  a  tensile  strength  in  the  warp  direction  of  226  lbs  per  inch  as 
opposed  to  243  lbs  per  inch  for  the  fabric  tested  in  vacuum.  (2)  The  data  in 
Table  10  was  obtained  using  flat,  leathe  r- 1  ined  jaws  and  a  100%  per  minute 
strain  rate  while  that  in  Table  18  was  obtained  using  quartz-fabric  lined, 
serrated  jaws  and  a  strain  rate  of  14.  3%  per  minute.  Somewhat  lower 
rupture  loads  are  obtained  with  qua  rtz -fa  brie  lined,  serrated  jaws  than 
with  leathe  r- lined  Instron  jaws. 

To  facilitate  comparisons  between  data  obtained  in  air  and  vacuum,  the 
results  given  in  Tables  13-18  are  also  plotted  in  Figures  3  through  20.  As 
shown  in  Figure  3  the  strength  of  the  nylon  fabric  is  approximately  the  same 
in  air  and  vacuum  at  temperatures  to  300  °F.  However,  the  fabric  strength 
at  400  and  450  °F  is  much  greater  in  vacuum  than  in  air.  The  fabric  rupture 
elongation  is  approximately  the  same  in  vacuum  and  air  to  200  "F  and  much 
higher  in  vacuum  at  higher  temperatures  (see  Figure  4).  At  400°F  the  fabric 
elongation  is  17.  3%  in  air  and  52.2%  in  vacuum.  The  modulus  of  the  fabric  is 
approximately  the  same  in  air  and  vacuum  throughout  the  temperature  range 
(see  Figure  5). 

As  shown  in  Figure  6,  the  tensile  strength  of  the  Dacron  fabric  is  roughly 
the  same  in  air  and  vacuum  to  about  400  °F  and  approximately  50%  greater  in 
air  than  in  vacuum  at  475  °F.  The  rupture  elongation  of  the  fabric  is  moder¬ 
ately  greater  in  vacuum  at  the  elevated  temperatures  (see  Figure  7).  The 
modulus  is  approximately  the  same  in  both  environments  throughout  the  tem¬ 
perature  range  (see  Figure  8). 

A 8  shown  in  Figures  9,  10,  and  11,  the  tensile  properties  of  the  Nomex 
fabric  are  approximately  the  same  in  air  and  vacuum  throughout  the  temper¬ 
ature  range  over  which  the  material  was  evaluated. 
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The  strength  of  the  T’BI  fabric,  Figure  12,  is  the  same  in  vacuum  and  air 
at  ambient  and  elevated  temperatures.  The  rupture  elongation  of  the  fabric  is 
the  same  in  air  and  vacuum  to  about  700°F.  However,  at  800°F  the  elongation 
is  3.  8%  in  air  and  78%  in  vacuum  (see  Figure  13).  The  fabric  modulus  is  also 
approximately  the  same  in  air  and  vacuum  to  700°F;  the  modulus  in  air  is 
about  7  times  the  value  in  vacuum  at  800°F. 

Although  data  on  the  heat-cleaned  Fiberglas  fabric  is  only  available  for 
70  and  SOO^F  in  air,  it  appears  that  the  tensile  strength,  rupture  elongation, 
and  modulus  of  the  fabric  are  considerably  larger  in  vacuum  than  in  air  at 
ambient  and  elevated  temperatures  (see  Figures  15-17., 

As  shown  in  Figures  18,  19,  and  20,  it  appears  that  when  the  differences 

in  fabric  properties  at  70°F  are  taken  into  account,  the  tensile  properties  of 
the  Chromel  R  fabric  are  approximately  the  same  in  vacuum  and  air  to  about 
1250°F.  At  I500°F  the  fabric  exhibits  approximately  the  same  percent 
strength  retention  in  both  environments  but  considerably  more  elongation  in 
vacuum.  However,  at  1750  to  2000  "F  the  tensile  strength  and  modulus  of 
the  fabric  are  smaller  and  the  rupture  elongation  many  times  larger  in  vacuum. 


j 

j 
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